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C A L I ~ " i ' 1 O N  OF AWS INSTRUMENT  SBELTER IN LANGLEY 

300 HPH 7- BY IO-FOOT TUNNEL 

By John W. NcKee  

Tests and c a l i b r a t i o n s  o f  an'AWS ins t rument   she l te r  were made i n  
che L-zngley 300 MPB 7- by  10-foot  t-mnel f o r  t he   S igna l  Corps, U. S. Army. 
The behsvior o f  t h e  wind vane,  the 3-cup  anemometer,  and the   she l t e r   cove r  
was deternined  in  wind speeds up t o  130 miles z;er hour. It YES discovered 
t h a t   t h e   r o t a t i o l a l  spezd OF t h e  anemometer vas g r e a t l y  ir-Zluenced  by t h e  
loca t ion ,  vLt3 res-pect t o  +,he  wind l i i rec t ion ,  o f  t h r e e  s-pzcer  -posts t h e t  
held %wo upper  jays o f  instruments  zbove  the  anemometer. 

IN'i'RODUCTIOX 

A t  t h e   r e q u e s t   o f   t h e   S i g n a l  Corps, U. S. Arny, t e s t s  and Ca l ib ra t ions  
of  an AWS instrument  shelter  have  been made in   the  Langley 300 MPH 7- by 
10-foot  tunnel.  The e q u i m e n t   ( f i g .  1) cons is ted   o f  3 bags of weather- 
sens ing  elements mounted on t o p  of a s ingle  support tube  about 5 feet long. 
This instrument is designed for use ec an untended  weather s t a t i o n  t o  
d e t e c t   w e a t h e r   i n r o m t i o n   f o r   r a d i o   t r z n s n i t t e l  a t  p e r i o d i c   i n t e r v e l s .  
In   opera t ion ,  z cy l ind r i ca l   cove r  (18 inches  in  diameter  and 24 inches 
deep) is drtven up and down by e l ec t r i c   mo to r s  t o  expose or p r o t e c t   t h e  
weather-sensing elements from the   weather .   In   the  top  bay wes a wind  vane 
which by Ir;.eans of a Se l sp  d r ive   i nd ic s t ed  tne wind d i r e c t i o n  on a remote 
instr-ment .   In   the  jot torn  bay w a s  a 3-cup  anemometer d r iv ing   an  elter- 
na to r  so geared  %hat 15.678 cycles  corresponded t o  1 r evo lu t ion .   In   t he  
cen te r  bay were addi t iona l   e lements   tha t  were no t   ca l ib ra t ed .  8 
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The ins t rument   she l te r  was ins t a l l ed   i n   t he   t unne l   t o   ob tc . ln   t he  
fo l lowing   in fomat ioo  : 

(2) A c a l i b r a t i o n  of the znemometer from 5 t o  150 miles per hour 
( a c c u r a t e   t o   k l  mile per   hour)   in  terns of vol tage o r  frequency of  t h e  
a l t e rna to r ,   w i th   t he  wiod  epproaching  the  instrument  from  -mrious  dfrec- 
t i o n s   t o   d e t e r n i n e  whet'ner s t ructural   drssymxetry  inf luenced  the 
c r l i b r z t   i o n  

(b )  The wind-vane s t a b i l i t y  from 5 t o  150 miles per  hour 

( c )  The time of response o f  t h e  wind vaae and  anemometer a f t e r  
lowering  the  cover   for   a i rspeeds from 5 t o  150 miles per hour 

(d )  The s topping   pos i t ion  o f  the  cover for opening  and  closing 
operEtions at var ious   a i r speeds  up t o  130 miles per hour 

(e)  The emount of  r'lepping of two e l e c t r i c a l   c a b l e s  up to 150 lriles 
per hour 

(f) The siIF-ple changes  that  C O U X  be mzde to   i rq rove   t he   ope r -  
e t i o n  oI" t h e   I n s t r m e n t  i-f it proved d e f i c i e n t   i n  one o r  more vays. 

RES-ULTS AND DISCUSSION 

The A'VJS ins t rument   she l te r  was mounted  on a t u rn t ab le   w i th  i t s  bzse 
about 2 f e e t  below t h e  fioor o f  the tunnel .  The pos i t i on   w i th   t he  termi- 
na l   coonec tors  on t h e  b r s e  o f  %he supgort   tube  facing  direct ly   ugstream 
wes a r b i t r r r i i y   d e s i g n a t e d  as the  angle   of   zero yaw.  S t r u c t u r a l  llzni- 
ta t ions   o f   t he   t a rn t ab le  d i 6  not el low a complete 360° ro ta t ion ;   the   range  
of yaw ar-gles wes l i m i t e d   t o  -188.50 and 136.50 with  clockwise rotation 
es viewed  from  above  considered  to  be p s i t i v e  y a w .  Several  anemometer- 
cup  assemblies were suppl ied.  Assembly 3 w a s  used f o r  a l l  t h e   t u n n e l  
tes t ing   because  of d e f e c t s   i n   t h e   o t h e r  assemSlles. The a i r speeds  pre- 
sen ted   i n  this pper have hcd an estimcted tirnnel-blockage  correc-lion 
zpplied  and are 2.2 percent  higher  thar?  clear-tunnel  airspeeds.  

The cel ibrat ion  grocedure wzs somewhat abbrevizted when t h e   i n s t r u -  
ment w e s  found t o  have a vzr ieble   response to t he  same wind v e l o c i t y  
depecdkg  =FOE t h e   d i r e c t i o n  of approach of the  wind. 

Xind-speed  ca1ibratioc.- The anemometer-driven alternator frequency 
w a s  determined for  v m i o u s   a i r s p e d s  ?or the zero  angle   of  yaw. The 
cover was opened with  zero wind ve loc i ty .  The r e s u l t s  ( f ig .  2) show very 
l i t t l e  s e t t e r  from 2. s t r e igh t - l i ne   ca l ib ra t ion   o f   ze ro   ou tpu t  a t  1.5 miles 
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Fer hour t o  450 cycles  ger second at 150 miles ;ser hour. No c a l i b r a -  
t i o n s  were obtzined  in  terns of   vol tage  output   because  the  zero  reading 
of the   vo l tme te r   t ha t  was furnished  could  not be maintained. 

Vind-xene c h a r a c t e r i s t i c s . -  The wind-direction 'vaEe and  ind ica tor  
a t  wird  speeds  above 20 miles per hour had a more o r  less continuous 
osc i l l a t ion   o f   zbou t  f2o from the   average   pos i t ion  o f  195O on t h e  meter. 
It w a s  not   determined  whether   this   osci l la t ior!  was due t o  vane  desfp-, 
wind turbulence,  o r  g e n e r a l   b u f f e t h t g  and  shaking of the  complete   instru-  
ment. Wrapping t h e  =ne,  wnich was f l a r e d  a t  t h e   t r a f l i n g  edge, w i t h  
t ape  so  t h a t  it was e s s e n t i a l l y   f l e t - s i d e d  from  nose t o  t a i l  d i d  not 
a l te r  i t s  o s c i l l & t o r y   c h a r a c t e r i s t i c s .  when t h e   s h e l t e r  was t i g h t l y  
c losed   t he   i nd ica to r  was motfonless. 
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Response cha rac t e r i s t i c s   an8   she l t e r   c lo su re   oge ra t io r r . -  Prom 
lirniteii  observatlone i t  appeared   tha t   the  wind vane  and  enenoneter had 
reached a sceady-state  value ic a t i n e   i n t e r m i l  of Tram 0 t o  5 seconds 
a f t e r   t h e   s h e l t e r  bed opened for a l l  e i r speeds .  A t  a wicd speed of 
abouz 150 miles per   hour ,   the   she l te r   s to9ped  13/32 ioch   h igher  on t h e  
opening  cycle  th&n wizi? zero wind v e l o c i t y .  A t  &.wind q e e d  of about 
150 miies Der hour ,   the   shel ter   s topped 1/8 inch  lower  on  the  closing 
cyc le   fhsn  with zero WiEd v e l o c i t y .   A f t e r   c l o s i n g  the s h e l t e r  at 
150 miles per hour, t h e  wind vane r o t a t e d  a t  about 1 revolutior? ser 
second,   ind ica t ing   tha t   there  rnust lkve  been  an  incomslete  and -m-syx- 
n e t r i c a l  seal condi t ion  a t  t h e  top wfth sme air  movement p re sen t   i n s ide  
che   she l t e r .  AI1 aneEometer c a l i b r a t i o n s  were lrade wi th   %he   she l t e r  
osened  with  zero wind v e l o c i t y .  The e lec t r ic -motor   cab les  were not 
flaFping zt m y  airsFeed; however, they  were r e s t r a i n e d  st ih2   tunnel -  
floor level ,   aggroximately 2 fee t   E jove   the  b&se of the  instrument,   and, 
t h e r e f o r e ,   t h e   t u n n e l   t e s t s  were less severe i n  this resDect than i n  
normal  operation . 

7s h l f e c t  of wind Ci rec t ion   on  anemometer  spee8  and  vane  angle. - At a 
wird  speed of 108 miles Fe r  hour the   instrument  was rotated  through a 
t o t a l   a n g l e  of y a w  of 325O. As shown iE figure 3, the   response   pa t te rn  
resembles a three-lobed cam wi th  Low ro ta t iona l   speeds   occu r r ing   fo r  
pv-engle   ranges of about 300 E t  t he   ang le s  ol" yaw where  one of  t h e  
t h r e e  soacer p s t s  i n   t h e  anemoEeter bag was z3ead of the r e t r e a t i n g  
cups. Tne  a l t e rna to r   f r equency  was rreasured a t  a f e w  angles  o f  s w  
u f th   the   cen ter   ins t rument   bay   f i l l ed   so l id   by   wrap2ing   a round a band 
of   cardboard  and  leavizg  only  the  to? and bottom  beys  exposed t o  t h e  
wind. It can  be  seen  (fig.  3) t h z t   t h i s   m o d i f i c a t i o n   d i d   n o t  iznprove 
the  res9onse pzttern but   d id  raise the genera l  level of r o t a t i o n a l  
speed  somewht . 
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The wind--ne posi tLon  indicator  had a Eea r ly   l i nea r   r e l a t ioE  t o  t h e  
angle of l a w  of  the  instrument.   Wind-direction data obteined  during  the 
above anemometer c a l i b r a t i o n  are presented in t a b l e  I. 

CONCLUDING REWXS 

From the r e s u l t s  of whd-tunnel  tests and  calibratiorrs o f  an 
AWS instrument   shel ter ,  -+or the   S igna l  Corps, U .  S .  Army, it i s  seen   t ha t  
t he   ro t a t iona l   speea  of the 3-cup  anemoneter was greatly  Lnfluenced  by 
t h e   l o c a t i o ~ ,   w i t h   r e s p e c t  t3 t h e  wind d i rec t ion ,  of three sgacer  posts 
t h a t   h e l d   t h e  two upper  bays of i n s t r m e n t s  above  the anemometer. Further  
tests would be requi red   to   de te rmhe  whether  the -=-Table inf luence   o f   the  
posts  could be reduced t o  m accep tab le   l eve l  by  increasing thelr  number. 
This approach  night   reqdire  that t h e  number of posts be ir-cressed  fron 
3 t o  24 because  the  influence of each p s t  is most no t i ceab le   fo r  a w w -  
angle  renge of 13O. 

h o t h e r  approach t o   t h e  problem o f  pro tec t ing   weather   ins t ruzents ,  
except fo r  the i n t e r v a l  Then they  are exposed for  readings,  i s  suggested. 
The shelter  could  have  the form of a small bui ld ing  o r  shed  with a door 
o r  doors thet open  outwardly i n  t h e   r o o f .  A staodard  wind-measuring 
instrument   consis t ing of a wind  v21e and  anemometer would be positiolled 
i n  the shed  under  the door on a mechanism that would raise it througa 
the  opening io t h e  roof .  The weather  elements now present  on the middle 
bay of t h e  AWS i n s t r m e n t   s h e l t e r  would be exposed i n  e similar mnner, 
with t he   p rov i s ion   t ha t  110 s t r u c t u r e  o r  mrts b e   i n  a p o s i t i o r ?   t o   d i s t o r t  
t h e  wind v e l o c i t y   i n   t h e   v i c i n i t y   o f   t h e  wind  vane agd anemometer. ’ 

kngley  Aeronaut icel   Laboratory 
Xst ional   Advisorg  Comit tee   far   Aeronaut ics  

Langley  Fleld, V a  . 

John W .  McKee 

Tinomas A.  Rarris 
Chief of Stabi l i ty   Research  Division 
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TABIZ I 

CALIBRATCON OF WIhD VAIW AT AN AIRSPEED OF 108 MILES FED HOUR 

:nstrument she l te r ,  
engle of ww, deg 

-188.5 
-IEO.O 

a-ieo. 0 

-160.0 
-159.0 

a-150.0 
-140.3 
-130. o 
-120.0 
-110.0 
-100.0 

e-100.3 
-90 -0 
-eo. 0 
-75.0 
-60.0 

-170.0 

-50 .O 
-40.0 
-30.0 

"-30.0 
-25.0 
-20.0 
-15.0 
-10.0 

0 
e0 
10.0 
15.0 
20.0 
25.0 
30.0 
40.0 
50.0 
50 .O 
70. c! 
75 -0 
80.0 
go -0 

100.0 
110.0 
120.0 
130.0 
136.5 

'Jind -vane 
indicator, de@ 

23 
15 
I5 
5 

355 
345 
345 
335 
325 
315 
304 
295 
295 
286 
2-75 
271 
254 
245 
235 
225 
225 
2 20 
215 
210 
205 
195 
195 
185 
17'8 
173 
169 
164 

-mdicator deviation 
From l inea r  res-mnse, cieg 

-0.3 
0 
3 
0 
0 
0 
0 
0 
0 
0 
-1.0 
0 
0 
1.0 
0 
1.0 
-1 .o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-2.3 
-2.3 
-1 .o 
-1 .o 
-2.0 
-1 .O 
-1 .o 
-1 .o 
0 
0 
-1.0 
0 
-1 .o 
-1.3 
-1.D 
-2.5 

". " "" 

"Center Fnstnment bay f i l l e d  - so l id .  



FigJre 1.- Signal Corps " A W  Ir-stru!ent S h e l t e r "  tns-ialled i n  the 
Langley 3OC lW€i 7- by 10-fooi tunnel .   Zero   angle  of yaw. 
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(b) S h e l t e r  closed. 

Figure 1.- Conclzced. 
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Wind velocityl miles per hour 
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Figwe 3.- Effec t  of angle o r  yaw or" t he  AMs i m t r u z e n t   s h e l z e r  or? t he  
aae:r-ometer a l t e r m t o r  freqmncjr. Wind v e l o c i t y  of 108 niles per hour; 
cup essembly 3. 
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